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SECTION 12
SOIL SAMPLING

  PERFORMANCE OBJECTIVES:

To collect a soil sample that is representative of conditions as they exist at the site

C By selecting the appropriate sampling device(s).

C By taking measures to avoid introducing contamination as a result of poor sampling and/or
handling technique.

C By reducing the potential of cross contamination between samples.

12.1 Introduction

Prior to conducting a soil sampling investigation, a sampling strategy should be developed based on
the objectives of the investigation (Section 5.5 of this SOP contains a discussion of soil sampling strategies).
After designing a soil sampling strategy, the appropriate equipment and techniques must be used to conduct
the investigation.  This section discusses the sampling equipment available and collection methods which have
been shown to be technically appropriate.

Manual techniques and equipment, such as hand augers, are usually used for surface or shallow,
subsurface soil sampling.  Power operated equipment is usually associated with collecting deep samples, but
this equipment can also be used for collecting shallow samples when the auger hole begins to collapse, or when
the soil is so tight that manual auguring is not practical.  This section discusses the various sample collection
methods employed by field investigators.

12.2 Equipment

Soil sampling equipment used for sampling trace contaminants should be constructed of inert materials
such as stainless steel.  Ancillary equipment such as auger flights, post hole diggers, etc. may be constructed
of other materials since this equipment does not come in contact with the samples.  However, plastic,
chromium, and galvanized equipment should not be used routinely in soil sampling operations.  Painted or
rusted equipment must be sandblasted before use. 

Selection of equipment is usually based on the depth of the samples to be collected, but it is also
controlled to a certain extent by the characteristics of the material.  Manual techniques and equipment such as
hand augers, are usually used for collecting surface or shallow, subsurface soil samples.  Power operated
equipment is usually associated with deep sampling but can also be used for shallow sampling when the auger
hole begins to collapse or when the soil is so tight that manual augering is not practical.
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12.3 Sampling Methodology

This discussion of soil sampling methodology reflects both the equipment used (required/needed) to
collect the sample, as well as how the sample is handled and processed after retrieval.  Selection of equipment
is usually based on the depth of sampling, but it is also controlled, to a certain extent, by the characteristics
of the material.  Simple, manual techniques and equipment, such as hand augers, are usually selected for
surface or shallow, subsurface soil sampling.  As the depth of the sampling interval increases, some type of
powered sampling equipment is usually needed to overcome torque induced by soil resistance and depth.  The
following is an overview of the various sample collection methods employed over three general depth classi-
fications:  surface, shallow subsurface, and deep subsurface.  Any of the deep collection methods described
may be used to collect samples from the shallower intervals. 

12.3.1 Manual (Hand Operated) Collection Techniques and Equipment 

These methods are used primarily to collect surface and shallow subsurface soil samples.  Surface soils
are generally classified as soils between the ground surface and 6 to 12 inches below ground surface.  The
shallow subsurface interval may be considered to extend from approximately 12 inches below ground surface
to a site-specific depth at which sample collection using manual methods becomes impractical.  
Surface Soils

Surface soils may be collected with a wide variety of equipment.  Spoons, shovels, hand-augers, push
tubes, and post-hole diggers, made of the appropriate material, may be used to collect surface soil samples.
As discussed in the section on powered equipment, surface soil samples may also be collected in conjunction
with the use of heavy equipment.  

Surface samples are removed from the ground and placed in pans, where mixing, as appropriate
(Section 5.13.8), occurs prior to filling of sample containers.  Section 12.4.1 contains specific procedures for
handling samples for volatile organic compounds analysis.  If a thick, matted root zone is encountered at or
near the surface, it should be removed before the sample is collected.

Subsurface Soils

Hand-augering is the most common manual method used to collect subsurface samples.  Typically,
4-inch auger-buckets with cutting heads are pushed and twisted into the ground and removed as the buckets
are filled.  The auger holes are advanced one bucket at a time.  The practical depth of investigation using a
hand-auger is related to the material being sampled.  In sands, augering is usually easily accomplished, but the
depth of investigation is controlled by the depth at which sands begin to cave.  At this point, auger holes usually
begin to collapse and cannot practically be advanced to lower depths, and further samples, if required, must
be collected using some type of pushed or driven device.  Hand-augering may also become difficult in tight
clays or cemented sands.  At depths approaching 20 feet, torquing of hand-auger extensions becomes so severe
that in resistant materials, powered methods must be used if deeper samples are required.  Some powered
methods, discussed later, are not acceptable for actual sample collection, but are used solely to gain easier
access to the required sample depth, where hand-augers or push tubes are generally used to collect the sample.
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When a vertical sampling interval has been established, one auger-bucket is used to advance the auger
hole to the first desired sampling depth.  If the sample at this location is to be a vertical composite of all
intervals, the same bucket may be used to advance the hole, as well as to collect subsequent samples in the
same hole.  However, if discrete grab samples are to be collected to characterize each depth, a new bucket must
be placed on the end of the auger extension immediately prior to collecting the next sample.  The top several
inches of soil should be removed from the bucket to minimize the chances of cross-contamination of the sample
from fall-in of material from the upper portions of the hole. 

Another hand-operated piece of soil sampling equipment commonly used to collect shallow subsurface
soil samples is the Shelby® or "push tube".  This is a thin-walled tube, generally of stainless steel construction
and having a beveled leading edge, which is twisted and pushed directly into the soil.  This type of sampling
device is particularly useful if an undisturbed sample is required.  The sampling device is removed from the
push-head, then the sample is extruded from the tube into the pan with a spoon or special extruder.  Even
though the push-head is equipped with a check valve to help retain samples, the Shelby tube will generally not
retain loose and watery soils, particularly if collected at lower depths.

12.3.2 Powered Sampling Devices

Powered sampling devices and sampling aids may be used to acquire samples from any depth but are
generally limited to depths of 20 feet or less.  Among the common types of powered equipment used to collect
or aid in the collection of subsurface soil samples are Little Beaver® type power augers; split-spoon samplers
driven with a drill rig drive-weight assembly or hydraulically pushed using drill rig hydraulics; continuous split-
spoon samplers; specialized hydraulic cone penetrometer rigs; and back-hoes.  The use of each of these is
described below.

Power Augers 

Power augers are commonly used to aid in the collection of subsurface soil samples at depths where
hand augering is impractical.  This equipment is a sampling aid and not a sampling device, and 20 to 25 feet
is the typical lower depth range.  It is used to advance a hole to the required sampling depth, at which point a
hand auger is usually used to collect the sample.

Drill Rigs 

Drill rigs offer the capability of collecting soil samples from greater depths.  For all practical purposes,
the depth of investigation achievable by this method is controlled only by the depth of soil overlying bedrock,
which may be in excess of 100 feet.

When used in conjunction with drilling, split-spoon samplers are usually driven either inside a hollow-
stem auger or inside an open borehole after rotary drilling equipment has been temporarily removed.  The spoon
is driven with a 140-pound hammer through a distance of up to 24 inches and removed.  If geotechnical data
are also required, the number of blows with the hammer for each six-inch interval should be recorded.

Continuous split-spoon samplers may be used to obtain five-foot long, continuous samples
approximately 3 to 5 inches in diameter.  These devices are located inside a five-foot section of hollow-stem
auger and advanced with the auger during drilling.  As the auger advances, the central core of soil moves into
the sampler and is retained until retrieval.
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Cone Penetrometer Rigs 

This method uses a standard split-spoon has been modified with a releasable tip which keeps the spoon
closed during the sampling push.  Upon arrival at the desired depth, the tip can be remotely released and the
push continued.  During the subsequent push, the released tip floats freely up the inside of the spoon as the soil
core displaces it.  Split-spoon soil samples, therefore, can be collected without drilling, as has historically been
required, by simply pushing the device to the desired depth.  This technique is particularly beneficial at highly
contaminated sites, because cuttings are not produced as with drill rigs.  The push rods are generally retrieved
with very little residue.  This results in minimal exposure to sampling personnel and very little contaminated
residue is produced as a result of equipment cleaning.

Back-Hoes

Back-hoes are often utilized in shallow subsurface soil sampling programs.  Samples may either be
collected directly from the back-hoe bucket or they may be collected from the trench wall if proper safety
protocols are followed.  Trenches offer the ability to collect samples from very specific intervals and allow
visual correlation with vertically and horizontally adjacent material.  Prior to collecting samples from trench
walls, the wall surface must be dressed with a stainless steel shovel, spatula, knife, or spoon to remove the
surface layer of soil which was smeared across the trench wall as the bucket passed.  If back-hoe buckets are
not cleaned according to the procedures described in Appendix B of this SOP, samples should be collected from
material which has not been in contact with the bucket surface.

12.4 Special Techniques and Considerations

12.4.1 Collection of Soil Samples for Volatile Organic Compounds (VOC) Analysis

These samples should be collected in a manner that minimizes disturbance of the sample.  For example,
when sampling with a hand auger, the sample for VOC analysis may be collected directly from the auger
bucket or immediately after an auger bucket is emptied into the pan.  The sample should be placed in the appro-
priate container with no head-space, if possible, as is the practice with water samples.  Samples for VOC
analysis are not mixed.

12.4.2 Dressing Soil Surfaces

Any time a vertical or near vertical surface, such as is achieved when shovels or back-hoes are used
for subsurface sampling, is sampled, the surface should be dressed to remove smeared soil.  This is necessary
to minimize the effects of cross-contamination due to smearing of material from other levels.

12.4.3 Sample Mixing

It is extremely important that soil samples be mixed as thoroughly as possible to ensure that the sample
is representative of the interval sampled.  Soil samples should be mixed as specified in Section 5.13.8.
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12.4.4 Special Precautions for Trace Contaminant Soil Sampling

The procedures outlined in Section 5.13.7 should be followed.  All soil sampling equipment used for
sampling for trace contaminants should be constructed of stainless steel where possible.  Pans used for mixing
should be made of Pyrex® (or equivalent) or glass.  In no case will chromium, cadmium, or galvanized plated
or coated equipment be used for soil sampling operations when inorganic contamination is of concern.
Similarly, no painted or plastic equipment should be used when organic contaminants are of concern.  All paint
and primer must be removed from soil sampling equipment by sandblasting or other means before such
equipment can be used for collecting soil samples.

12.4.5 Specific Sampling Equipment Quality Assurance Techniques

Drilling rigs and other major equipment used to collect soil samples should be identified so that this
equipment can be traced through field records.  A log book should be established for this equipment so that all
cleaning, maintenance, and repair procedures can be traced to the person performing these procedures and to
the specific repairs made.  Sampling spoons, hand augers, Shelby tubes, and other minor disposable type
equipment are exempted from this equipment identification requirement.  All equipment used to collect soil
samples should be cleaned as outlined in Appendix B and repaired, if necessary, before being stored at the
conclusion of field studies.  Equipment cleaning conducted in the field (Appendix B) or field repairs should be
thoroughly documented in field records.


